Redescriptions for the female and male, and descriptions for the pupa and mature larva , of Simulium (Gomphostilbia) palauense Stone are given based on reared adults and immature stages recently collected from Palau, Micronesia. S. palauense has several remarkable pupal and larval characters , which have not (or very rarely) been found in any other species of the subgenus Gomphostilbia , such as, in the pupa, the reduced number (i.e., four) of the gill filaments and the absence of spine-combs on the abdomen; in the larva, the presence of serrations on the lateral margins of the hypostomium, supernumerary mandibular serrations, and accessory sclerites, and the absence of a postgenal cleft . Ecological notes on immature stages are also given.
described three species of Simuliidae from Micronesia.
He described Simulium (Gomphostilbia) palauense (then, under the subgenus Eusimuliurn) from five female and 12 male adult specimens from Palau.
This species was transferred to the subgenus Inseliellum by Crosskey (1989) , but has been recently assigned in the subgenus Gomphostilbia after one of its paratype males preserved in The Natural History Museum, London (BMNH) , was examined (Takaoka and Davies, 1995) . The other two species were from Guam, and Chuuk (Truk) State, Federated States of Micronesia.
Larvae of S. palauense were collected for the first time by P. S. Cranston at Ngardmau Falls, Babeldoab , Palau in 1997. More larvae and pupae, for the first time, were collected from the same locality by us (D.A. Craig and R.E.G. Craig) in 1998 and adults successfully reared from pupae.
In this paper we redescribe the adult female and male, describe the pupa and mature larva from these new specimens, and note briefly on several unusual pupal and larval characters found in this species. Ecological notes on immature stages are also given.
Simulium ( Gomphostilbia) palauense Stone Simulium (Eusimulium) palauense Stone, 1964 Frons black, shiny, densely covered with whitish recumbent pubescence, interspersed with several brown hairs, except median longitudinal portion narrowly bare; frontal ratio (i.e., greatest width at vertex: narrowest width near antennal base: height) 1 .7-1.9:1.0: 1.8-2.4.
Frons-head ratio (greatest width of frons:
greatest width of head) 1.0:4.0-4.6. Fronto-ocular area ( Fig. 1) deep, rounded apically. Clypeus black, shiny, densely covered with whitish recumbent pubescence , interspersed with brown hairs. Antenna composed of 2+9 segments, brownish black except scape, pedicel and posteriorly, 2 short anterolateral ones just below gill base, and 3 mediolateral ones (1 long and 2 short) . Gill (Figs. 18 and 19) with 4 simple, slender filaments on each side, arranged in pairs, arising from short basal common stalk; ventral pair of filaments with short stalk, and distinctly longer and thicker than dorsal pair of filaments which are sessile; inner filament in each pair is slightly longer and thicker than outer one; filaments somewhat variable in length by individual pupae, with longest filament (i.e., inner filament of ventral pair) 1.1-1.6 mm, and shortest one (i.e., outer filament of dorsal pair) 0.7-1.2 mm; basal portion of inner filament of ventral pair subequal in thickness to interspiracular trunk; all filaments light to dark brown, gradually tapered toward apex, furnished with annular ridges and furrows, and densely covered with minute tubercles on outer surface. Abdomen. Terga 1, 2 and 9 grayish brown, well sclerotized, other terga also sclerotized (and also dark-colored) to varying extent. Tergum 1 with 1 medium, simple seta on each side; tergum 2 with 1 medium, simple seta and 5 short, simple setae on each side; terga 3 and 4 each with 4 hooked spines directed forward and 2 short, simple setae on each side; tergum 5 with several short simple setae near posterior margin and comb-like groups of very minute spines anterolaterally on each side; terga 6-8 each with 1 short, simple seta near posterior margin and comb-like groups of very minute spines transversely near anterior margin; tergum 9 with a pair of distinct, simple, terminal hooks (Figs. 20 and 21) somewhat bent anterodorsally, and with apex rounded, and comb-like groups of very minute spines transversely near anterior margin; terga 5-9 without spine-combs.
Sternum 3 with a few short simple setae on each side; sternum 4 with 1 simple hook and 3 short simple setae (1 of them somewhat longer and stouter) on each side; sternum 5 with a pair of bifid or trifid hooks submedially on each side; sterna 6 and 7 each with 
DEPOSITION
OF MATERIAL. 4 reared adults (3 females, 1 male) , together with their pupal exuviae and cocoons, 5 pupae, 5 mature larvae (Bernice P. Bishop Museum, Honolulu) , 2 female reared adults, together with their pupal exuviae and cocoons, and 5 pupae, 5 mature larvae (H. Takaoka, Oita Med. Univ.) , 2 female reard adults, together with their pupal exuviae and cocoons, 5 pupae, and many other mature and immature larvae (D.A. Craig, Univ. Alberta) . All these specimens are preserved in 80% ethanol.
ECOLOGICAL NOTES. The locality, known generally as Ngardmau Falls is a major tourist attraction in Palau.
Since road travel is impossible if it has been raining, the falls are best reached by boat, from Koror, up the westernside of Babeldoab, a one-hour voyage to the Ucherael jetty and then by vehicle past Ngetbong Village.
A one-hour walk up the Diongradid River passes the Medallaiechad waterfall, which is the main attraction, and shortly thereafter reaches a major rapid at N7°35'267"; E134°35'304". The river here is at 10 m altitude, 8 m wide, between 1-7 cm depth and flowing extremely rapidly, with velocities of 125-300 cm/s. Air temperature was 31.5°C and water temperature 27.0°C under overcast conditions.
Since the substrate was black basalt, water temperatures are likely to be much higher in full sunshine. Conductivity was 40,u S and pH 8.0.
Particulate material in the water was 1.30-1.90 mg/ /.
Larvae and pupae were found in large numbers on the rock in full flow and also on leaves that were trapped in shallow water which flows over them. The leaves appeared to be the preferred habitat. Larvae of S. palauense do not twist their bodies longitudinally, similar to larvae of the madicolous-flow inhabiting Tahitian S. (Inseliellum) cataractarum (Craig, 1997) . From the same rapid, collected was a single immature larva of the other simuliid species. This second species lacks a postgenal cleft like S. palauense, but has welldeveloped ventral papillae placed ventrally, no supernumerary serration on the mandible, and no accessory sclerite around the posterior circlet of hooks. No other invertebrates were taken except a few Chironomidae larvae and aquatic pyralid lepidopteran larvae.
Since this is the only locality sampled for immature stages of simuliids in Palau, and S. palauense larvae appear specialized for fast flow, it is possible that smaller streams, yet unsampled, will have the second or other species.
REMARKS. Female and male adults reared from pupae collected by un (D.A.C. and R.E.G.C.) are conspecific to those of S. palauense described by Stone (1964) , according to the comparison of the genitalia, and the shape and coloring of the body and legs. This result confirms that the association of both sexes of adults of S. palauense made by Stone was correct. The morphological characters of the present adult specimens agree with the original descriptions and illustrations given by Stone (1964) except a few characters.
In the original, terga 8 and 9 of the female abdomen were stated to be shiny, but in fact terga 6, 7 and 8 (and also 9) are all shiny; in addition, gray-pruinose areas were mentioned to be present at least on sides of tergum 2 of the male abdomen, but these are found on terga 2, 5, 6 and 7; the female calcipala is large but not reaching the apex of the second tarsal segment, though noted so in the original description. It is noteworthy that S. palauense has several remarkable pupal and larval characters which are not (or very rarely) possessed by any other species of the subgenus Gomphostilbia.
In the pupa, the absence of spine-combs on the abdomen has not been recorded previously in this subgenus, though this is one of the key characters of the subgenus Wallacellum (Takaoka, 1983) ; the reduced number (i.e., four) of the gill filaments has been known only in a few species of the ceylonicurn-group collected from Sulawesi and Flores, Indonesia (Takaoka, unpublished data) and in one species from the Solomon and Bougainville Islands (Takaoka, 1994 (Takaoka, , 1995 . In the larva, three characters, i.e., the absence of a postgenal cleft, the presence of serrations on the lateral margins of hypostomium, and the presence of supernumerary mandibular serrations, have not been found; in addition, this species has accessory sclerites on the last abdominal segment, a character being reported only in a few Gomphostilbia species collected from Papua New Guinea (Smart and Clifford, 1965) and Irian Jaya (Takaoka, unpublished data) .
Although having such unusual characters, S.
palauense belongs in the subgenus Gomphostilbia by having the following combinations of characters: adult thorax with the bare pleural membrane and haired katepisternum, wing with the basal portion of radial vein fully haired, male genitalia with a ventral plate hairy on its ventral and posterior surface, and with several parameral hooks, pupal head with three pairs of frontal trichomes, pupal abdomen with grapnel-shaped hooklets on the sides of the last segment, and larval abdomen with ventral papillae. This species is further assigned in the batoense-group, defined by Takaoka and Davies (1996) , by having the antenna of both adult sexes 11-segmented, the female tarsal claw with a large basal tooth, and the male hind basitarsus parallel-sided, though the pupal gill filaments of this species are four in place of eight.
Larvae of S. palauense show considerable morphological convergence with the madicolous-flow inhabiting larvae of S. cataractarum of Tahiti (Craig , 1997) . While there is not the same reduction in number of labral fan rays, the fan stem is similarly slightly flattened and possesses a posterobasal notch. Craig and Currie (1999) suggest that this fan-stem shape is used to manipulate madicolous flow into the fans. The postgenal cleft in S. cataractarum while present, is reduced. Body shape is also similar, in that both have amphorashaped posterior abdomens, expanded rapidly at the 5th abdominal segment and smoothly decreased posteriorly; probably an adaptation for fast flow.
Both species possess a sclerite that is continuous around the circlet of hooks.
In S. cataractarum, this appears to be an extension of the accessory sclerite, which remains very obvious, and is connected dorsally with the anal sclerite proper. However, the extension is often discontinuous at the ventral midline. In S. palauense this sclerite is constructed differently and is not connected to the anal sclerite proper, but is continued strongly completely around the circlet. The only evidence of the accessory sclerite, as known in other subgenera, is a paler dorsolateral area (Fig. 25) . 
